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Description 

[0001] This Invention is useful in apparatus and proc- 
ess for the recovery of chlorine from waste or byproduct 
hydrogen chloride, by means of a multistage, continu- s 
ous reaction exothermic process employing a combined 
catalytic carrier system. Hydrogen chloride is produced 
as a byproduct from many chemical processes, Includ- 
ing production of titanium dioxide pigment, poly- 
urethanes, epichlorohydrin, vinyl chloride, organic chio- io 
rides, and many other useful and economically impor- 
tant substances. Typically, the chlorine used in the pri- 
mary chemical process is supplied from large-scale 
electrochemical plants by shipment via rail, truck or 
barge. The byproduct hydrogen chloride is usually con- 
sidered to be an environmental toxic substance and 
must be collected and disposed of by sale at reduced 
price or by neutralization with some form of lime or caus- 
tic, which must be disposed of as landfill. 
[0002] The herein described invention makes it pos- 
sible to oxidize the hydrogen chloride to produce chlo- 
rine for recycle to the primary chemical process in an 
economical and environrnentally sound manner, and in 
a two-step process carried out under exothermk: condi- 
tions, to recover the chlorine for use in the primary proc- 2S 
ess, thus materially reducing the quantity which must be 
shipped from outside, and producing useful heat, and at 
a cost which is significantly below the cost of fresh chlo- 
rine. 

30 

SUMiVIARY OF THE INVENTION 

[0003] Basically, a major object is to provide a normal 
process of continuously recovering chlorine from a 
stream of hydrogen chloride, and that includes the 3S 

steps: 

a) providing at least two reactors, including an oxi- 
dation reactor and a chlorinator reactor, and provid- 
ing fluidized beds of a carrier catalyst containing cu- 40 
pric oxide and cupric chloride in reaction zones 
within the reactors,. 

b) supplying a stream of hydrogen chbride and ox- 
ygen to each reactor, 

c) the stream reacting in the chlorinator reactor with 
the fluidized bed of carrier catalyst cupric oxide and 
cupric chloride at temperatures between 150* and 
220*C. exothermically to convert part of the cupric 
oxide to cupric chloride, and cupric hydroxychlo- 
ride, thereby essentially eliminating the hydrogen so 
chloride to produce a product stream including chlo- 
rine, oxyigen, inerts and water, which is removed 
from the chlorinator reactor, and 

d) passing a stream of fluidized carrier catalyst con- 
taining cupric chloride, cupric hydroxy chloride, and ss 
residual cupric oxide from the chlorinator reactor, to 

be supplied to the combination reactor in a bed op- 
erating at temperatures between about 300° and 



400°C, wherein the combination reactor is supplied 
with a stream of hydrogen chloride and oxygen to 
fluidize the bed, and for exothermic reaction with cu- 
pric chloride and cupric hydroxy chloride to produce 
cupric oxide and an overhead stream of chlorine, 
unrecovered hydrogen chloride, inerts, water, and 
residual oxygen, 

e) feeding the carrier catalyst stream containing cu- 
pric oxide to the chlorinator reactor for reaction with 
hydrogen chloride, as defined In c), and 

f) supplying the overhead stream of chlorine, hydro- 
gen chloride, inerts, water, and oxygen from the 
combination reactor to the chlorinator reactor to 
cause hydrogen chloride therein to react with the 
cupric oxide in the carrier catalyst at the operating 
temperature between 150° and220°C., 

g) the product stream from the chlorinator reactor 
being chlorine rich but substantially free of hydro- 
gen chloride. 

[0004] Another object is to provide reactions In two 
steps that are carried out under exothermic conditions, 
thus giving a highly economic process that will not re- 
quire outside fuel. The steps include recycle of catalyst 
of controlled composition with respect to "copper chlo- 
ride", copper oxide and various copper oxy chloride 
complexes. Both stages are typically supplied with hy- 
drogen chloride and oxygen. 

[0005] Another object is to provide generation of heat 
and production of high -pressure steam in both stages, 
and which is in sufficient quantity to power oxygen com- 
pressors, refrigeration compressors, and produce net 
electric power for the overall process. 
[0006] A further object is to provide conditions of op- 
eration that result in a chlorine product, which is free 
from hydrogen chloride, and which includes a second- 
ary recovery system that separates the water without 
producing aqueous hydrochbric acid, by using an ad- 
sorbent regenerative dryer or an alternate liquid dehy- 
dration system with heat recovery from the two-stage 
process, to provide the necessary separating energy for 
regeneration of the dehydratkxi agent. 
[0007] An additional object is to provide another re- 
covery step in which chlorine is separated from remain- 
ing non-condensable gas, such as nitrogen, argon, and 
oxygen, by the use of a specially-designed adsorbent, 
or liquid absorbent system. As will be seen, the overall 
process is low in investment cost, and less prone to cor- 
rosion, and low in operating cost, producing reclaimed 
chbrine at a cost significantly below the cost of fresh 
input chlorine, 

[0008] Of importance is the fact that from an overall 
process point of view, the catalytic carrier chbrination 
step is used in a way to recycle the hydrogen chloride 
which appears in the combination reactor effluent, within 
the system, giving a product chlorine stream free from 
hydrogen chbride. In this regard, a major problem in a 
single stage catalytb oxidatbn process Is the limit on 
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hydrogen chloride conversion imposed by the equilibri- 
um constraint to approximately 60% to 70% under rea- 
sonable operating conditions. By combining the single 
stage oxidation reactor with the catalytic carrier process 
as the second stage, a synergistic integration results s 
with the off gas from the first stage being purified by the 
chlorination step in the second stage catalytic carrier 
process. 

[0009] This invention improves upon the disclosure of 
U.S. Patent 4.959,202, incorporated herein by refer- 
ence as background. 

[001 0] These and other objects and advantages of the 
invention, as well as the details of an illustrative embod- 
iment, will be more fully understood from the following 
specification and drawings, in which: '5 

DRAWING DESCRIPTION 

[0011] 

20 

Fig. 1 is a block flow diagram with associated ma- 
terial balance listing: 

Fig. 2 is a tabulation of process economic factors; 
Fig. 3 is a process flow diagram; . 
Fig. 4 is a chlorine recovery system; 
Fig. 5 is a summary of experimental data; and 
Fig. 6 is a sketch of the experiniental laboratory ap- 
paratus. 

Detailed Description 

[0012] The process of this invention makes use of a 
carrier catalyst system having metallic elements in the 
form of complex oxides and chlorides impregnated onto 
a carrier mass, such as alumina, silica, zeolite, or mo- 35 
lecular sieve material of such a form as to be suitable 
for use in a multistage fluidized bed system. The chem- 
ical reactions are caused to take place in a series of 
steps which include: 

40 

1) 2HCI(g) + 1/2 02(g) Cl2(g) + HgOCg) (overall 
reaction) 

2) CuO(S) + HCI(g) Cu(OH)Cl(S) 

3) 2Cu(OH)CI(S) CU2O CyS) + HgOlg) 

4) CU20C^(S) -» CuO(S) + CuCl2(S) 

5) CuCl2(S) CuCI(S) + 1/2 Cl2(g) 

6) 2CuCI(S) + 1/2 02(g) CuCyS) + CuO(S) 

[0013] These specific steps take place in specific re- 
action zones and within specific temperature ranges, as so 
described on the block diagram, Fig. 1, and as seen in 
Fig. 3, and in the following steps: 

Step 1 . The stream 1 0 of oxygen, air, and of hydro- 
gen chloride, either anhydrous or containing water ss 
and process impurities, which might be present, is 
passed into chlorinator reactor 11 through a fluid- 
ized bed 12 of carrier catalyst of copper oxides and 
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copper chlorides with sodium chlorides, deposited 
on a suitable carrier in a 1:1 molar ratio. Reactions 
2, 3, and 4 for the formation of complex chlorides 
take place at a temperature maintained in the range 
of 150** to 220**C. by providing a system 13 of heat 
transfer within the bed 12, which carries away the 
exothermic heat of reaction via, in a preferred ar- 
rangement, a heat exchanger 14 generating steam 
at 14a to improve the thermal economy of the proc- 
ess. Heat transfer fluid used at 1 3 and 1 4 is typically 
boiler feed water of required purity and pressure. 

Chlorinated catalytic material is continuously 
withdrawn at 40 from the first reactor in particulate 
form and transferred into the fluidized bed 15 in a 
second reactor 16 wherein step 2 takes place. 
Step 2. Stream 10a of oxygen, air and of hydrogen 
chloride, either anhydrous or containing water and 
process impurities, is passed into second, i.e., com- 
bination oxidation reactor 16 through fluidized bed 
15, and the above reactions 2 through 6 take place 
to convert the complex chlorides to cupric oxide and 
cupric chloride, and release chlorine gas. The fluid- 
ized bed 15 in reactor 16 is blown with the gaseous 
mixture 10a of HCI and of oxygen and nitrogen 
ranging from 100% oxygen down to 20% oxygen 
entering the reactor at 17. The reactor 16 is main- 
tained at a temperature between 300** and 4O0''C. 
by means of withdrawal of exothermically-produced 
heat via a system of heat transfer 19 within the fiu- 
idizedbed 15. Heat transfer occurs at 60, and steam 
is produced at 61 . Heat transfer fluid used at 19 and 
60 is typically boiler feed water of proper composi: 
tion and pressure. 

The gas and catalyst composition and temper- 
ature in reactor 16 result in a chemically equilibrium 
limited conversion by oxidation of hydrogen chlo- 
ride to chlorine, leaving a significant quantity of hy- 
drogen chloride which must be removed (see Fig. 
5) to improve the overall conversion of the feed hy- 
drogen chloride to chlorine, and to avoid contami- 
nation of the chlorine product. 

The gas and catalyst composition and temper- 
ature in reactor 16 result in an equilibriurh limited 
conversion of hydrogen chloride to chlorine leading 
to the presence of a certain amount of hydrogen 
chloride in the exit gas (see Fig. 5 table), which must 
be removed to improve the overall conversion of the 
feed hydrogen chloride to chlorine, and to avoid 
contamination of the chlorine product. 

This removal is accomplished by step 3. the re- 
cycle at 70 of the hydrogen chloride bearing gas 
stream to reactor 11. A continuous stream of carrier 
catalyst containing cupric oxide and complex cop- 
per chlorides is withdrawn through line 41 and re- 
turned to bed 12 in the flrst reactor 
Step 3. The total flow of hot gas from the second 
reactor containing chlorine, oxygen, nitrogen, and 
unconverted hydrogen chloride is recycled to the 
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first reactor 11 and the fluidized bed 12, where the 
contained hydrogen chloride reacts with cupric ox- 
ide returned from the second reactor 1 6 through 41 . 
At the temperature conditions selected for the first 
fluidized bed 12. 150" to 220*0. only the hydrogen 
chloride reacts, the oxygen, nitrogen, water, and 
chlorine passing through without change. Note that 
reactor 12 and reactor 15 are equipped with internal 
dust-collecting cyclones 21 and 22, to remove cat- 
alytic dust from the exit gases and return the dust 
to the fluidized beds. 

Step 4. Effluent gases leaving the first reactor at 23 
consist of chlorine, water, oxygen, and nitrogen, 
which pass oft to heat exchange at 89 and 89a, and 
to recovery system 50, for removal of water, a chiller 
51 , and a system for removal of chlorine at 52, and 
chlorine product gas at 53 and liquid chlorine at 54. 
When operated as described, over 99% of the hy- 
drogen chloride 10 and 10a entering the system is 
recovered as chlorine product 53 and 54, gas or liq- 
uid as described in step 5. 

Step 5. The gases leaving the chlorination reactor 
11 pass through cooler 69 and chiller 89a to reduce 
the temperature level before entering the dehydra- 
tor 50, where a regenerative system utilizing multi- 
ple contact with solid adsorbents or liquid absorbent 
dehydrators 91 as maybe selected in a particular 
case. The active dehydrators remove the water 
from the chlorine, oxygen and nitrogen-bearing 
gases for later expulsion from the system 92 using 
a suitable means of thermal regeneration 90. Sche- 
matic diagram Fig. 4 is provided solely to illustrate 
a possible regenerative dehydrated system, which 
could use steam generated in the heat recovery 
portions of the main catalytic reactor system 14a. 

[001 4] Referring to Fig. 4, the product gas 23 from the 
catalytic section enters the dehydration system 50 
through a valve manifold, which will direct the flow 
through either the dehydrator 91 or the water stripper 
92 by proper positioning of automatic valves A, B, C, D, 
E, F. G, and H, passing through one or the other vessels 
in sequenbe. Dehydrated gas from either 91 or 92 will 
pass through an additional chiller 51. Water removed 
from the gas is retained in the multistaged adsorbent or 
absorbent materials until regeneration by contact with 
heated inert gas passed through the two vessels in se- 
quence, to remove the water for venting and disposal. 
[001 5] Chilled, dehydrated gas 24 passes through the 
chiller 51 and enters the chorine absorber 52 at 25 
where contact with a selective solvent absorbs the chlo- 
rine in a multistage contacting system. Chlorine-free 
gas, consisting essentially of nitrogen and residual ox- 
ygen, passes through guard beds 81 and 82 for adsorp- 
tion of trace quantities of chlorine, which is later re- 
moved. The exit gas from the guard bed may be vented 
to the atmosphere or recycled for utilization of the re- 
maining oxygen If high purity oxygen has been used in 



the process. 

[0016] From the bottom of the absorber 52. the chlo- 
rine-bearing solvent is pumped 62 through a heat ex- 
changer 83 and delivered to a stripper 84, where chlo- 

s rine is separated by raising the solvent temperature with 
the steam heated reboiler 85. Chlorine-free solvent 
flows from the bottom of the stripper and passes through 
heat exchanger 83 back to the chlorine absorber 52 in 
a continuous fashion. The chlorine 55, removed from the 

10 solvent in the stripper, flows into the chiller 86 where the 
partially condensed liquid is separated in the reflux drum 
87 and pumped 86 back to the stripper 84 with a portion 
of the I'quid chlorine flowing to product storage 54. Un- 
condensed chlorine gas 53 is delivered to the product 

IS line for recycle to the original chlorine- consuming plant 
which generated the hydrogen chloride or for some al- 
ternate chemical use. 

[001 7] Since both the single stage oxidation step and 
the chlorination steps are exothermic, there is no need 

20 for an external source of heat, saving a significant quan- 
tity of fuel and capital investment. Heat available from 
the reactors typically produces a positive energy flow in 
the form of high-pressure, superheated steam, which 
can be used to drive compressors, and generate electric 

25 power required for pumps and other systems, making 
the overall operating cost attractively low. 
[001 8] As further evidence of the unique nature of this 
two-stage process, which was discovered during the ex- 
ecution of laboratory experiments, Fig. 5 is.presented to 

30 illustrate the specific result of combining hydrogen chlo- 
ride and oxygen as the feed stream to fluidized bed re- 
actors containing a circulating stream of particulate ma- 
terials passing between the two reactors, one of which 
is operating at 360" to 400''C., wherein the hydrogen 

3S chloride is partially converted, as limited by chemical 
equilibrium, 40% to 70% by weight to chlorine, as is well 
known for the well-documented Deacon process, and 
providing for the unique new invention of passing the 
total effluent stream of hydrogen chloride, chlorine, re- 

40 sidual oxygen, nitrogen, and newly-produced water va- 
por into a second fluidized bed reactor operating be- 
tween 150** and 220^C. 

[001 9] Only the hydrogen chlorkJe reacts with the cat- 
alytic material to form cupric oxychlorlde and other com- 

45 plex copper compounds resulting in the elimination of 
the hydrogen chloride from the gas stream and permit- 
ting the delivery of exit gases from the low temperature 
reactor to a chlorine recovery system without requiring 
further treatment for removal of hydrogen chloride. 

so [0020] The process will wori< in the same manner if 
the water vapor is removed as the gas passes between 
the two reactors; however, this step is not necessary for 
the process to operate properly. 
[0021] This discovery has been confirmed in the op- 

55 eration of a 4 kg/hr chlorine product pilot plant on a con- 
tinuous basis. Both reactors operate in the exothermic 
range of the reactk)n leading to the generatkyi of signif- 
icant energy in the form of high-pressure steam or other 
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suitable heat-recovery medium. Hydrogen chloride, re- 
acting with the fluidized copper-based catalyst, to form 
a complex solid compound, is carried from the low-tem- 
perature reactor to the high-temperature reactor, where 
it is converted to chlorine. The recycle of hydrogen chio- s 
ride in this nnanner results in the overall conversion of 
100% of the feed hydrogen chloride into chbrine with a 
simple, two-stage exothermic system. 
[0022] The combination of these two reactors, with 
the circulation of catalyst between the two exothermic io 
steps differs significantly from the process, which makes 
use of a separate oxidation reactor operating in an en- 
dothermic regime and requiring significant heat in part 
from an external source, and differs from U.S. Patent 
4.959.202 for the same reason. is 
[0023] The experimental data given in Fig. 5 was ob- 
tained by operating a circulating fluidized bed bench 
scale unit. Fig. 6, equipped to analyze the inlet and outlet 
gases to prove the overall concept. 
[0024] The apparatus shown in Fig. 6 consists of two 
25 mm quartz reactors 300 and 301 connected with up 
flow transport tubes 302 and 303 for movement of the 
catalyst between the 400C oxidation step at 301, and 
the 200C chlorination step at 300. Each reactor is sup- 
plied with controlled flow of hydrogen chloride, oxygen 2S 
and nitrogen. See arrows 304 and 305. The temperature 
is maintained at the required level by temperature-con- 
trolled electric heating tapes 306 and 307. Flow of cat- 
alyst between the reactors is moved by nitrogen Injec- 
tion at multiple points in the transport tubes. See 308 30 
and 309. Exit gases from the reactors at 310 and 311 
pass through dust knockout vessels 312 and 313, and 
.to analysis for hydrogen chloride and chlorine, and pass 
to the vent hood for disposal. See arrows 313 and 314. 
Total flow rates of the order of 500 ml/min of gas enters . 3S 
each reactor. Solid circulation rates of 5 to 20 gms per 
minute are typically provided. 

[0025] As an illustration of the economic factors for 
the invention, an engineering design was prepared for 
a plant processing 60,000 tons per year of anhydrous 40 
hydrogen chlorde and an operating cost was deter- 
mined based on zero value for the byproduct hydrogen 
chloride feed. These results, as shown in Fig. 2, indicate 
a chlorine recovery cost of $78 per ton (1 995 data) with 
a chlorine selling price of $230 per ton on the current 
market. 

[0026] Fig. 2 lists process economic factors in terms 
of typical plant investment and operating cost. 
[0027] The overall system, as described, provides for 
7essentially 100% conversion of hydrogen chloride to so 
chlorine. The product chlorine can be produced as a liq- 
uid or a gas stream of 99% plus purity. No toxic or nox- 
ious effluent streams are produced to be released to the 
atmosphere or ground water. Energy requirements of 
less than 30% of the standard electrochemical process ss 
were realized, as well as signifrcantly less than reported 
consumptkxis for alternate proposed chbrine recovery 
process. Fig. 1 shows material balance data. 
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[0028] As stated in the disclosure of U.S. Patent 
4.959.202, the process can be carried out using a cat- 
alytic carrier where manganese oxides and chlorides 
are substituted for copper, with good results, where a 
chlorination reactor operates with temperature in the 
range of 250**-350**C, and a combination reactor oper- 
ates with temperature of about 400''-450''C. 
[0029] Iron oxides and chlorides can also be substi- 
tuted. 

[0030] Heat recovery and chlorine recovery from the 
product stream can be carried out as described in U.S. 
Patent 4.959.202. 



Claims 

1. In a process of recovering chlorine from a stream 
of hydrogen chloride, the steps that include: 

a) providing at least two reactors, including a 
chlorinator reactor and a combination oxidation 
reactor, and providing a fluidized bed of a car- 
rier catalyst containing cupric oxide and cupric 
chloride in a reaction zone within the chlorinator 
reactor, 

b) supplying a stream of hydrogen chloride and 
oxygen-bearing gas to each reactor, 

c) reacting said stream of hydrogen chloride^ 
and oxygen-bearing gas in the chlorinator re- 
actor with said fluidized bed of carrier catalyst 
containing cupric oxide and cupric chloride at 
temperatures between 150" and 220"C exo-" 
thermically to convert part of the cupric oxide 
to cupric chloride, and cupric hydroxychloride, 
thereby essentially eliminating the hydrogen 
chloride to produce a product stream including 
chlorine, oxygen, inerts and water, which Is re- 
moved from said chlorinator reactor, 

d) passing the carrier catalyst resulting from 
step (c) which contains cupric chloride, cupric 
hydroxy chloride, and residual cupric oxide 
from said chlorinator reactor to the combination 
oxidation reactor to form a bed which is oper- 
ated at temperatures between about SOO'^ and 
400"C, wherein said combination oxidation re- 
actor is supplied with said stream of hydrogen 
chbride and oxygen -bearing gas, to fluidize 
said bed. and for exothermic reaction with the 
cupric chloride and cupric hydroxy chloride in 
the carrier catalyst to produce cupric oxide and 
an overhead stream of chlorine, unreacted hy- 
drogen chloride, inerts and residual oxygen, 

e) feeding the carrier catalyst resulting from 
step (d) containing cupric oxide to the chlorin- 
ator reactor for reaction with hydrogen chloride, 
as defined in c), 

f) supplying the overhead stream of chlorine, 
hydrogen chloride, inerts and oxygen from the 
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combination oxidation reactor to the chlorinator 
reactor to cause hydrogen chloride therein to 
react with the cupric oxide in the carrier catalyst 
at the operating temperature between 150** and 

g) said product stream from the chlorinator re- 
actor being chlorine rich but substantially free 
of hydrogen chloride. 

2. The method of claim 1 wherein heat is produced ex- io 
othermically in both reactors and removed from 
both reactors for external use. 

3. The method of claim 2 wherein heat removed from 
the reactors is used to produce superheated steam, 

4. The method of claim 1 wherein said chlorine-rich 
product stream removed from the chlorinator reac- 
tor is subjected to processing for chlorine recovery, 

so that at least about 99% of the chlorine content of 20 
the hydrogen chloride supplied to said reactors is 
recovered as chlorine product. 

5. The method of claim 1 wherein said carrier catalyst 
comprises a carrier selected from the group consist- 25 
ing of alumina, zeolite, silica, and molecular sieve. 

6. The method of claim 1 including withdrawing heat 
from said product stream from said chlorinator re- 
actor. 30 

7. The method of claim 1 including controlling the sup- 
ply of hydrogen chloride and oxygen to the reactors. 

8. The method of claim 1 , including the use of cyclone 3S 
separators for the removal of fine particulate matter 
from the fluidized beds in the reactors as the prod- 
uct stream in step (c) and the overhead stream in 
step (f) exit from the reactors. 

40 

Patentanspruche 

1. Verfahren zur Ruckgewinnung von Chloraus einem 
Hydrogenchloridstrom, das die folgenden Schritte 4S 
einschlieBt: 

a) Bereitstellung von wenigstens.zwei Reakto- 
ren, einschlieBlich eines Chforierungsreaktors 
und eines Kombinations-Oxidationsreaktors, so 
und Bereitstellung einer Wirbelschicht eines 2. 
Tragerkatalysators, der Kupfer(ll)-oxid und 
Kupfer(ll)-chlorid enthalt, in einer Reaktionszo- 

ne innerhalb des Chlorierungsreaktors, 

55 

b) Zufuhrung eines Stroms aus Hydrogenchlo- 3. 
rid und sauerstofftragendem Gas in jeden Re- 

aktor, 



c) exotherme Reaktion des Stroms aus Hydro- 
genchlorid und sauerstofftragendem Gas in 
dem Chlorierungsreaktor mit der Wirbelschicht 
des Kupfer(ll)-oxid und Kupfer(II)-chlorid ent- 
haltenden Tragerkatalysators bei Temperatu- 
ren zwischen 150 •C und 220 °C, um ein Teil 
des Kupfer(ll)-oxids In Kupfer(ll)-chlorid und 
Kupfer(ll)-hydroxychlorid umzuwandein, wobei 
dadurch im Wesentlichen Hydrogenchlorid eli- 
minert wird, um einen Produktstrom zu erzeu- 
gen, der Chlor, Sauerstoff, Inerte Stoffe und 
Wasser einschlieBt, und der aus dem Chlorie- 
rungsreaktor entfemt wird, 

d) Oberleitung des Tragerkatalysators aus 
Schritt (c), welcher Kupfer(ll)-chlorid, Kupfer 
(ll)-hydroxy-chlorid und verbliebenes Kupfer 
(ll)-oxid enthalt, aus dem Chlorierungsreaktor 
in den Kombinations-Oxidationsreaktor zur Bil- 
dung einer SchOttschicht, welche bei Tempera- 
turen zwischen 300 "C und 400 ^'C betrieben 
wird, wobei der Kombinations-Oxidationsreak- 
tor mit dem Strom aus Hydrogenchlorid und 
sauerstofftragendem Gas zur Verwirbelung der 
SchOttschicht und fur eine exotherme Reaktion 
mit dem Kupfer(ll)-chlorid und dem Kupfer(ll)- 
hydroxychlorid in dem Tragerkatalysator ge- 
speist wird, um Kupfer(ll)-oxid und einen Kopf- 
strom aus Chlor nicht umgesetzten Hydrogen- 
chlorid, inert en Stoffen und verbleibendem 
Sauerstoff zu erzeugen, 

e) Einspesung des sbh aus Schritt (d) ergeben- 
den Tragerkatalysators, der Kupfer(ll)-oxkJ ent- 
halt. in den Chlorierungsreaktor zur Reaktion 
mit Hydrogenchlorid wie in (c) definiert 1st, 

f) Zufuhrung des Kopfstroms aus Chlor. Hydro- 
genchlorid, inerten Stoffen und Sauerstoff aus 
dem Kombinations-Oxidationsreaktor in den 
Chlorierungsreaktor, um darin das Hydrogen- 
chlorid mit dem Kupfer(ll)-oxid In dem Trager- 
katalysator bei der Betriebstemperatur zwi- 
schen 150 •C und 220 *C zur Reaktion zu brin- 
gen. 

g) der Produktstrom aus dem Chlorierungsre- 
aktor ist chlorreich, aber im Wesentlichen frei 
von Hydrogenchlorid. 

Verfahren nach Anspruch 1 . wobei auf exothermen 
Weg Hitze in beiden Reaktoren erzeugt wird und 
zum extemen Gebrauch aus den Reaktoren ent- 
fernt wird. 

Verfahren nach Anspruch 2, wobei die aus den Re- 
aktoren entfernte Warme zur Erzeugung von Ober- 
hitztem Dampf verwendet wird. 
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4. Verfahren nach Anspruch 1, wbbei der aus dem 
Chlorierungsreaktor entfernte chlorreiche Produkt- 
Strom einem Verfahrensschrrtt zur Chlorruckgewin- 
nung unterworfen wird, so dass wenigstens unge- 
fahr 99 % vom Chlorgehalt des den Reaktoren zu- s 
gefuhrten Hydrogen-chlorids als Chlorprodukt zu- 
ruckgewonnen wird. 

5. Verfahren nach Anspruch 1 . wobei der Tragerkata- 
lysator einen aus der aus Aluminiumoxid. Zeolith, io 
Siliciumoxid und Molekularsieb bestehenden Grup- 

pe ausgewahtten Trager umfasst. 

6. Verfahren nach Anspruch 1 , welches das Abziehen 
von Warme aus dem Produktstrom von dem Chio- is 
rierungsreaktor einschlier3t. 

7. Verfahren nach Anspruch 1. welches die Einslel- 
lung der Zufuhrung von Hydrogenchlorid und Sau- 
erstofl zu den Reaktoren einschlieBt. 20 

8. Verfahren nach Anspruch 1, welches die Anwen- 
dung von Zyklonabscheidern zur Entfernung hoch- 
disperser Tetlchen aus der Wirbelschicht in den Re- 
aktoren einschlieBt, wenn der Produktstrom in 2S 
Schritt (c) und der Kopfstrom In Schritt (f) den Re- 
aktor verlassen. 



Revendlcations 30 

#• 

1. bans un procede pour extraire le chlore d'un cou- 
rant . de chk>rure d'hydrogene, stapes qui 
consistent : 

35 

a) k utiliser au moins deux r^acteurs, compre- 

nant un reacteur de 'chloration et un reacteur 2. 

d'oxydation combln#e. et ^ utiliser un lit fluldis^ 

d'un catalyseur comportant un support, conte- 

nant de I'oxyde cuivrique et du chlorure cuivri- 40 

que. dans una zone r^actionnelle ^ Tlnterieur 

du reacteur de chloratlon. 3. 

b) k introduire un courant de chlorure d'hydro- 
gfene et d'un gaz renfermant de I'oxygene dans 
chaque reacteur. 4S 

c) a faire reagir ledit courant de chlorure d'hy- 4. 
drpgene et de gaz renfermant de Toxyg^ne 

dans le reacteur de chloration avec ledit lit flui- 
dise de catalyseur comportant un support, con- 
tenant de Toxyde cuivrrc|ue et du chlorure cui- so 
vrrque. a des temperatures comprises dans Tin- 
tervalle de 150'C S 220*C, pour convertir de 
maniere exothermique une partie de I'oxyde 
cuivrique en chlorure cuivrique et hydroxychio- 5. 
rure cuivrique, en supprimant ainsr pratique- ss 
ment le chlorure d'hydrogene, pour former un 
courant de produits comprenant du chlore. de 
roxyg6ne. des substances inertes et de I'eau, 



qui est evacue dudit reacteur de chloration. 

d) a faire passer le catalyseur comportant un 
support, resultant de I'etape (c), qui contient du 
chlorure cuivrique. de f'hydroxychlorure cuivri- 
que et de roxyde cuivrique residuel dudit reac- 
teur de chloration au reacteur d'oxydation com- 
binee pour former un lit qui est soumis a un 
fonctk)nnement k des temperatures comprises 
dans I'intervalle d'environ 300** a 400**C, ledit 
reacteur d'oxydation combinee etant alimente 
avec ledit courant de chlorure d'hydrogene et 
de gaz renfermant de I'oxygene. pour la fluidi- 
satlon de ce lit. et pour la reaction exothermi- 
que avec le chlomre cuivrique et I'hydroxy- 
chlorure cuivrique dans le catalyseur compor- 
tant un support afin de produire de I'oxyde cui- 
vrique et un courant de tete de chlore, de chlo- 
rure d'hydrogene n'ayant pas reagi, de subs- 
tances inertes et d'oxygene residuel, 

e) a amener le catalyseur comportant un sup- 
port, resultant de I'etape (d). contenant de I'oxy- 
de cuivrique. au reacteur de chloration pour la 
reaction avec le chlorure d'hydrogene. de la 
maniere definie en c). 

f) a faire passer le courant de tete de chlore, de 
chlorure d'hydrogene, de substances inertes et 

. d'oxygene du reacteur d'oxydation comb in 6 e 
au reacteur de chloration pour provoquer la • 
reaction du chlorure d'hydrogene qui sV trouve' 
avec I'oxyde cuivrique present dans le cataly- 
seur comportant un support, k la temperature 
de fonctionnernent de 150** k 220**C, 

g) ledit courant de produits issu du reacteur de 
chloration etant riche en chlore, mais etant pra- 
tiquement depourvu de chlorure d'hydrogene. 

Procede suivant la revendication 1 , dans lequel de 
la chaleur est produite de maniere exothermique 
dans les deux reacts urs et est evacuee des deux 
reacteurs pour une utilisation k I'exterieur 

Procede suivant la revendication 2, dans lequel la 
chaleur evacuee des reacteurs est utilisee pour pro- 
duire de la vapeur d'eau surchauff6e. 

Procede suivant la revendication 1. dans, lequel le 
courant de produits riche en chlore evacue du reac- 
teur de chloration est soumis a un traitement pour 
I'extraction du chlore, de telle sorte qu'une quantite 
d'au moins environ 99 % du chlore present dans le 
chlorure d'hydrogene amene aux reacteurs soit re- 
cueillie'en tant que produit consistent en chlore. 

Procede suivant la revendication 1. dans lequel le 
catalyseur comportant un support comprend. un 
support choisi dans le groupe consistent en I'alumi- 
ne. la zeolite, la sitice et un tamis moieculaire. 
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6. Precede suivant la revendication 1, comprenant 
I'evacuation de la chaleur du courant de produits 
hors du reacteur de chloration. 

7. Precede suivant la revendication 1, comprenant la 5 
regulation de I'lntroductlon de chlorure d'hydrogene 

et d'oxygene dans les reacteurs. 

8. Precede suivant la revendication 1, comprenant 
I'utilisation de separateurs a cyclone pour la sepa- io 
ration de la matidre fine en particules des Irts fluidi- 
ses dans les reacteurs lorsque le courant de pro- 
duits dans Tetape (c) et le courant de t§te dans I'eta- 

pe (f) quitteni les reacteurs. 

75 
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BLOCK DIAGRAM AND MATERIAL BALANCE 
TWO-STAGE EXOTHERMIC HCL OXIDATION PROCESS 



ComDonent 


Inlet 
kg/hr 


A 

* 


Outlet 
kgAhr 


B Product 
kg/hr 


HCI 


1000 




399 


399 




440 


220 


220 


220 


Na 


44 




44 


44 


CI, 






974 


974 








246 


246 




1484 




1883 


1484 



^Represents content of component being transfen'ed with solid catalyst. 
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TABLE 4 

ECONOMIC FACTORS FOR THE 
CATALYTIC OXIDATION CARRIER PROCESS 

CAPACITY: 60,000 METRIC TONS PER YEAR 
OF CHLORINE PRODUCT 



PLANT INVESTMENT $ MM 

Catalytic Carrier Section 5.0 

Chlorine Recovery 2.5 

Waste Heat Recovery Steam Generation 2.0 

Miscellaneous 3.0 

Total Inside Battery Limits Cost $12.5 



OPERATING COST 
Capital Charges @ 20% 
Utilities (Fuel, Power. Oxygen) 
Chemicals and Catalysts 
Labor and Overhead 
Maintenance @ 5% Capital 



S/Metric Ton CI., Product 
42 
16 
4 
6 
10 



Total Cost of Production 



$78/Metric Ton 
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MMM ' IV 



^5 



51 



^^^^ 
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TABLE f 

CATALYTIC OXIDATION PROCESS 
TWO-STAGE CIRCULATING FLUIDIZED BED DATA 
SOLIDS CIRCULATING RATE 5-20 GMS/MIN 
300-400 GMS CW ON ZEOLITE CATALYST 
HCL OXIDATION 
COP MODE 

Reactor 1 



Reaction 


COP 


COP 


COP 


Temperature C 


200 


200 


200 


Nitrogen flow, ml/min 


450 


450 


450 


Oxygen flow, ml/min 


85 


85 


85 


HOI flow, ml/min 


70 


70 


70 


HCI out, ml/min 


0 


0 


0 


% HQ! Recovery 


100 


100 


100 




Reactor 2 






Temperature C 


400 


400 


400 


Sample Time. Min 


30 


30 


30 


HCI flow, ml/min 


150 


150 


150 


Oxygen flow, ml/min. 


76 


100 


150 


Nitrogen flow, ml/min 


325 


300 


250 


Chlorine out. Moles 


0.11 


0.12 


0.12 


HCI out. Moles 


0.091 


0.082 


0.065 


% Chlorine Recovery 


71 


75 


79 


Total Moles of HCI 


0.311 


0.322 


0.305 


HCI Out Flow R2, ml/min 


68 


61 


48.5 
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ffENCf^ sFCALE PLU/OIZED RSACTOR. 
C//lCULtiTtON /^RTE = S' TO eo SMS-fMJ^ 

rc 



TO AAiALYJ'fS' 
AND HOOD 

die 

DUST 
KNOCKOUT 




30& 
ELECT/ZlC 
f^BAT/NS TAPE 



MANOMejEf^ 



304- 



dues WDtvmoAL 

FLOW COAfT-^OLLE/^S 
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